Production of extracellular enzymes or toxins by Legionella pneumophila has been hypothesized to be at least partially responsible for the pulmonary and extrapulmonary disturbances accompanying Legionnaires disease (7) . Although no direct evidence for a role in the disease process has been reported for any such product, L. pneumophila has been shown to elaborate a number of potentially harmful toxins and enzymes. Exotoxins with hemolytic activity (2, 3) and cytotoxic activity (9) have been described, as well as proteolytic activity against gelatin (30) and human serum proteins (18) . Identification of an extracellular protease responsible for this proteolytic activity has been reported recently (M. Thompson, Abstr. Annu. Meet. Am. Soc. Microbiol., 1981, B146, p. 39; submitted for publication). Other extracellular enzymes or enzymatic activities which have been demonstrated for this organism include a f8-lactamase (10) , starch hydrolysis (12, 17, 30) , and egg yolk digestion (3) . The role of L. pneumophila endotoxin (11, 31) in the pathogenesis of the disease is also still to be elucidated.
The purpose of this investigation was to examine a number of isolates of L. pneumophila for production of extracellular enzymes. The enzymes chosen for analysis were those that may play a role in the pathogenesis of Legionnaries disease and in the overall nutrition of L. pneumophila. Several enzymes which have been previously reported for this organism (i.e., 8-lactamase and protease) have been included in our study for completeness.
Ten strains of L. pneumophila representing six serogroups (courtesy of R. Weaver, Centers for Disease Control, Atlanta, Ga.) were maintained as in vitro stock cultures on GC-FC agar plates grown at 37°C in a 5% CO2 atmosphere as previously described (29) . In general, enzyme activity was determined by using two types of assays: (i) plate-substrate assays which detected reactions after growth of L. pneumophila on an agar medium containing the substrate; or (ii) classical enzyme assays, using the desired substrate and culture supernatants from L. pneumophila or both. Inocula for the plate substrate assays were prepared from 48-h GC-FC agar cultures. Cells were washed from the plate in 1.5% proteose peptone no. 3 (Difco Laboratories, Detroit, Mich.) and adjusted to a turbidity of approximately 500 Klett units (determined by using a Klett-Summerson photocolorimeter with a no. 66 filter). Twenty microliters of the inoculum was applied to 6-mm analytical paper disks (Schleicher & Schuell Co., Keene, N.H.) placed on the substrate plate and incubated at 37°C in a 5% CO2 atmosphere. GC-FC agar medium was used as the basal medium for all plate substrate assays. All culture supernatants used in the enzyme assays were prepared by using GC-FC liquid medium (29) (23) .
Lecithinase and lipase activities were monitored on plates containing 10% fresh hen's egg yolk (28) , or 3% L-a-phosphatidylcholne (type IX from egg yolk) (6) . The substrate plates were heavily streaked with L. pneumophila and incubated for 7 days. Plates containing 0.2% lard oil or 0.2% olive oil (plus 0.005% neutral red as an indicator) were also used for lipase detection (27) . The p-nitrophenyl caprylate (32) (1) . Neuraminidase (type V from Clostridium perfringens) was used as the reference enzyme. The chromogenic cephalosporin substrate nitrocefin was used to assay for f8-lactamase in culture supernatants (19) . Coagulase activity was determined using coagulase plasma (Difco Laboratories), with Staphylococcus aureus ATCC 25923 as control organism.
The results shown in Table 1 demonstrate that all of the strains of L. pneumophila tested The lipase activity indicated in Table 1 was detected in culture supernatants by using p-nitrophenyl caprylate as substrate. Activity was also observed on lard oil plates, but not on olive oil plates (Table 2 ). This latter result indicated an unusual substrate specificity for the Legionella lipase because olive oil is a commonly used substrate for detection of lipase activity (including the reference enzyme used in this study).
L. pneumophila gave what at first appeared to be a lecithinase reaction when grown on fresh egg yolk agar (Table 2 ). However, egg yolk is a complex substrate, and interpretation of reactions on this medium is often difficult due to interfering reactions by other enzymes such as lipases and proteases (16, 20) . Using an agar medium with a more lecithinase-specific substrate (L-a-phosphatidylcholine) or assay of culture supernatants with p-nitrophenylphosphorylcholine, we were able to show that no lecithinase (phospholipase C) was produced by any of the strains of L. pneumophila. The reactions on egg yolk agar observed previously by Baine et al. (3) were apparently due to lipase (and perhaps protease) production by this organism. Whether these enzymes are responsible for the hemolytic activity also observed by these investigators has not been determined.
Several published reports have listed L. pneumophila as positive for starch hydrolysis (12, 17, 30) , although this work was all based on zones of hydrolysis around growth on F-G agar (containing 0.15% starch). The results of the present study confirmn these previous reports, but also suggest that a specific reference to a-amylase production by L. pneumophila should await future studies, using more sensitive assays or more LITERATURE CITED
